An odor sensing system based on a SAW device has been developed for the measurement of odors from herb, which is a common name of the grass effusing relatively strong odors, and recognition of eight kinds of herb odors was performed using the system. Four kinds of lipid films were used as odor sensitive film in the study. The lipids of the films are (1) lecithin from eggs, (2) sphingomyelin, (3) L-a-phosphatidyl ethanolamine solution 70% + phosphonicacid dioleyl ester 30% and (4) cholesterol 70% + sphingomyelin 30%. The lipids were applied to the SAW resonator surface by spin coating, at speed 3000 r.p.m. for 20 seconds, from a lipid solution of 20 p 1. A neural network algorithm was applied to identify the odors. In the recognition process, patterns consisting of maximum frequency changes of the sensors and differential frequency changes of the sensors between adsorption and desorption of the odors were taken as inputs of the network, and the patterns were normalized by a specific normalization method, so that the recognition of the odors was improved and done at rate of 99%.
Introduction
The importance of utilization of odors in various fields, for example, food processing and cosmetic industry, is getting more and more concerned with the functions of odor substance in recent years. Therefore, it is necessary to evaluate odors objectively using sensors instead of judging odors subjectively by human senses. Particularly, the functions of the plant odors, such as aromatherapy, sterilization and so on, have been studied actively. Over the last fifteen years, the studies in development of the olfactory sensor have made much progress, with various types of sensors, that is, semiconductor gas sensors 1 1 1 , sensors based on quartz resonators and surface acoustic wave (SAW) devices [2] - [7] , conductive polymer sensors [8] and so on. Generally, the semiconductor gas sensors are of high sensitivity for a specific gas, but lack choice in the selectivity of many kinds of odor gases. The conductive polymer sensors are still in the early stage of the study. On the other hand, the sensors based on the quartz resonators and the SAW devices have various choices for the detection of various odor gases, and the frequency shift caused by mass loading in this type of sensors is proportional to the square oscillation frequency of the devices. Moreover, the SAW devices with its small size, ruggedness, high resonance frequency and low cost , are drawing public attention as transducers of chemical sensors.
The first study related to the use of the SAW devices as gas sensors were reported by Wholtjen and Dessy in 1979 [4] . Since then, many studies on olfactory sensors based on the SAW devices have been reported, and most of the reports were concerned with detection and recognition of odors from liquors, simple aromatics and so on. This paper introduces an olfactory SAW sensor system developed for odors from living herb leaves which have not been reported in the studies on those of sensors so far, although the functions of the herb odors have been widely studied in many fields.
SAW sensors
In the early stage of the study, we investigated the sensitivity of Tin oxide gas sensors, which are popular and commercially available , to the herb odors, and the sensors showed little sensitivity to the odors . In contrast with that, the sensors based on the SAW device had a variety of choice for the herb odors with relatively high sensitivity . Therefore, the SAW resonators were used as transducers for the odor sensor. An experiment was done to compare signal-to-noise ratio (SN ratio) with two types of resonators. The SN ratios were 300, 170 and 80 for the one-port type of resonator with 99.3 MHz, the one-port type of resonator with 211 MHz and the two-port type of resonator with 224 MHz, respectively, though there were about 3.5 times of the former's frequency shift on the shifts of the other resonators. The two-port type of resonator with 100MHz could not be obtained. Moreover, the oscillation circuits of the one-port type were simply made and had higher stability than that of two-port type. Consequently, we used one-port type of Y-X SAW resonator of 99.3MHz with R-SAW mode (SAR99MB41X MURATA MFG. Co., LTD) as the transducer.
Lipids show different responses for a kind of odor gas, and a certain lipid also performs differently for various odors. Paying attention to this phenomenon, we used four kinds of lipid films as adsorption materials. The lipids on the SAW resonators are (1) lecithin from eggs, (2) sphingomyelin, (3) L-a-phosphatidyl ethanolamine solution 70% +phosphonicacid dioleyl ester 30% and (4) cholesterol 70% + sphingomyelin 30%. The sensors coated with the lipids (1) to (4) are defined as S1, S2, S3 and S4 in the following section, respectively. sphingomyelin. The surface has a large active area through which the odor gas can diffuse and interact with a great number of sorption sites, obtaining a large sensor response for the odors 1 9 3. On the other hand, it can also be considered that some of odors are diffused into a deeper layer of the film. The phenomenon could be seen in the first measurement for the odors in which the sensor's refreshment is needed for a relatively long time, though the sensors showed good reproducibility in the following measurement.
A comparative experiment was made to investigate the sensitivity of the SAW sensors with LB films and films coated by the spin coating. Hydrophobic lipid LB films were prepared with LB Trouph (SKV co.). The spin coated lipid films with the same frequency shifts as those of the LB membranes, were made by changing concentration of the lipid solutions and the speed of rotation. As a result, no large different sensitivity to sample odors was found in the investigation. Preparation of LB film on a SAW resonator requires a special equipment, a long and complex production process and operation experience, while the spin coating could be done simply with almost the same sensitivity as that of LB film for the sample odors in the experiment. Therefore, the spin coating method can be considered suited in practical use in this case.
3. An olfactory sensing system
An odor-sensing system with the SAW sensors mentioned above was constructed in the first stage of the study. During the measurement of the odors, N2 gas was introduced to the bottom of the test tube through a stainless steel needle at the flow rate of 100 ml/min. and the odor gas was carried from the top of that into the sensor chamber. Oscillation frequencies of the sensors decrease with the quantity of the odor gases adsorbed on the sensor surfaces. Each of the sensors frequency shifts were inputted into the frequency counter every second, through the relay circuit, and then transferred to the computer. Those operations were controlled and performed automatically by the computer. Because of the nonlinearity of the sensor outputs for odors, the neural network algorithm is suitable for the sensor output processing and discriminations of sorts of odors, and the algorithm was used in our study. Fig.4 shows the patterns which consist of maximum frequency changes of the four sensors normalized by the length of the vectors, for 8 kinds of the herb odors. For the different herb odors, the sensor outputs showed different patterns in Fig.4 , though the patterns (4) and (5), and the patterns (7) and (8) were similar to each other, respectively. In order to increase the separation of the patterns another pattern normalization was performed in our recognition process. The normalization of pattern has three steps. Firstly, choose a value N that is a little larger than the maximum length of the vectors E;(ei1,ei2,ei3,ei4). Where number i is related to the number of the herb odors in Fig(4) , e ij is the maximum frequency shift of the j th sensor output for the i th herb odor. Secondly, calculate values d. with (3), respectively. In contrast with that the two patterns (4) and (5) in Fig.4 are similar to each other, the patterns in Fig.5 are definitely different. On the other hand, abstracting more information from the olfactory sensors can also extend the separation of the data categories, and a kind of method using the gradient of sensor output is often applied in this case. However, the patterns consist of sensor output gradients in the odor adsorption and desorption were lack of reproducibility and had small changes for the different odors in our case. As compared with that, the differential frequency changes between adsorption and desorption of the odors were distinct for the every odors, and the patterns consist of those of differential value showed better reproducibility with larger distinction than the patterns consist of gradients of sensor outputs. Therefore, we further added the patterns, normalized by the equation (3)- (5), to the network as input data, in company with the other patterns mentioned above. (7) Where the value fn is the sensor output after supplying the odor for 2 minutes and the value fB is the sensor output after refreshing the sensors for 2 minutes. Consequently, the categories of the data for the odors could be separated distinctly by this process, increasing information from the time serial data of the sensor outputs, and so the rate of the recognition for the odors was improved. The network designed for the recognition of the herb odors has ten units for input layer and eight units for output layer which corresponds to the number of the herb odors to be measured.
For the discrimination of the sample odors, we assigned 
Conclusion
The SAW resonators as odor sensors are attractive, because of their high resonance frequency, small size, ruggedness, low cost and adaptability to a variety of odors with different adsorption films. In this study, we performed the recognition of odors from the 8 kinds of the living herb leaves using a SAW sensor system. The results of the study are given here as follows:
1. The SAW sensors had enough sensitivities to the living herb leaves.
2. The sensor system could be worked with acceptable reproducibility.
3. The frequency shift by spin coating for the same coatings were roughly equal to each other.
4. The unstable sensor outputs were appeared only in the first measurements, so that the first measurement data was not taken into account in the recognition of the odors to keen stabilities of the data.
5. The sensors life span could be more than 6 months.
6. A pattern normalization and differential frequency changes were used to enlarge the separation of the odor categories, and so improved the recognition rate.
In the future, we will make a comparative experiments for the differences between odors from living herb leaves and essential oils extracted from those of leaves using the sensing system for the purpose of the analytical use of the sensor system for herb plant odors. Furthermore, we will develop SAW sensor systems for monitoring the sound states of a plant at the outdoors and a tissue culture in a plant box.
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